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(54) Tuner arrangement and set top box 

(57) A multiple tuner arrangement is formed on a 
single integrated circuit having acommon radiofrequen- 
cy input terminal (10). The terminal (10) supplies a 
broadband input signal to a plurality of individual tuners 
(12, 13), which may be identical to each other in con- 
struction. The tuners (12, 13) operate simultaneously 


and independently of each other to convert a channel in 
the radio frequency input to the appropriate output in- 
termediate frequency and supply this to the channel out- 
put terminal (26). Features such as a databus interface 
(28) and a common reference oscillator (29) for channel 
frequency synthesisers (19, 24) need not therefore be 
duplicated. 
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Description 

. [0001] The present invention relates to a tuner ar- 
1 1 rangement and to a set top box including such an ar- 
1 ; rangement. Such arrangements may, for example, be 
/ connected to digital cable networks or to aerials for re- 
/ j ceiving digital terrestrial broadcast signals. 
/ vl [0002] With the increasing number of services being 
/ offered through set top box terminals, such as "watch 
and record" and "parallel digital/analog reception", there 
is an increasing requirement for multiple radio frequency 
(RF) interfaces, for example to cable distribution net- 
works. Figure 1 of the accompanying drawings illus- 
trates a known approach to this problem in which a cable 
feed 1 from a cable distribution network is connected to 
a diplexer 2. The diplexer2 isolates upstream and down- 
stream bandwidths and performs a power splitting func- 
tion so as to supply the broadband signals from the ca- 
ble feed 1 to several tuners, such as the three tuners 3, 
4 and 5 shown in this example. 
[0003] Each of the modules 2 to 5 shown in Figure 1 
is an independent module and is provided in a "tin can" 
or Faraday cage for screening purposes. The tuners 
shown in Figure 1 comprise, byway of example, an OOB 
channel tuner 3, a data channel tuner 4 and a main 
channel tuner 5. Each of the tuners 3 to 5 converts a 
selected channel to a predetermined intermediate fre- 
quency (IF) output, which may be further amplified and 
filtered either internally of the tuner or externally. The IF 
outputs are supplied to the appropriate demodulators 
(not shown). 

[0004] This known type of arrangement requires that 
a power splitting function be performed with in the diplex- 
er 2. Also, because the tuners 3 to 5 are independent of 
each other, functions common to the tuners are multipli- 
cated. Further, there are penalties in the space require- 
ment, cost and power dissipation. 
[0005] GB 2 21 6 354 discloses a tuner for selecting a 
single channel at a time. Several mixers are connected 
with their inputs and outputs in parallel and are enabled 
one at a time. 

[0006] The mixers receive local oscillator signals from 
a common local oscillator via respective taps in a divider 
chain. The arrangement is formed in a single integrated 
circuit. 

[0007] EP 1 113 573 discloses a single tuner which is 
capable of receiving two different bands. There are two 
radio frequency front ends" for the respective bands 
and either of these can be switched to a single image 
reject mixer Similarly, the local oscillator has a small di- 
vider chain and band-switching is performed synchro- 
nously with selecting the front ends so as to achieve the 
correct tuning range. This arrangement is formed on a 
single integrated circuit. 

[0008] EP 1 041 724 discloses a modular arrange- 
ment formed in a single integrated circuit (IC) to allow 
different configurations to be provided by a common IC 
in a mobile phone base station receiver The IC is con- 


figured to act as a receiver channel and a diversity chan- 
nel. A single radio frequency input is divided to separate 
mixers in the two channels. However, the mixers are 
supplied by a single common local oscillator arrange- 
5 ment. 

[0009] WO 00762532 discloses a dual conversion tun- 
er for converting a selected input channel to quadrature 
baseband signals. Up conversion is followed by base- 
band down conversion and low pass filtering in the I and 

io Q channels. Hie arrangement is formed as a single in- 
tegrated circuit. Figure 6 of this document discloses a 
band-splitting arrangement in which the input spectrum 
is divided into different sub-bands which are fed to re- 
spective mixers. The outputs of the mixers are connect- 

15 ed in parallel to a single IF fitter Figure 7 of this docu- 
ment extends this arrangement to having individual IF 
fitters in the mixer outputs and these IF filters have dif- 
ferent passbands. However, the individual channels are 
connected together into a single I F channel at or before 

20 the single common downconverter. Thus, this arrange- 
ment can only select a single channel at a time for re- 
ception. 

[001 0] US 6 052 569 discloses a car radio for receiv- 
ing information, such as traffic or weather information, 

25 without interrupting normal reception, for example of an 
entertainment channel. The arrangement makes use of 
two completely independent tuners. A first tuner re- 
ceives either an FM channel or AM channel whereas the 
second tuner receives an FM channel or a US weather 

30 signal frequency modulated in the band 
1 62.4-1 62.55Mhz. The whole arrangement and each in- 
dividual tuner are formed as a plurality of integrated cir- 
cuits and "discrete" modules. Figure 1 a of this document 
discloses two tuner paths which share a common local 

35 oscillator and are not both capable of simultaneously re- 
ceiving independent selectable channels. 
[001 1 ] US 5 323 064 discloses a DBS (direct broad- 
cast by satellite) downconverter in the form of a single 
microwave integrated circuit. The arrangement has two 

^o channels with respective mixers supplied by a common 
local oscillator arrangement such that the channels are 
tuned to select the same frequency channel. However, 
the channels are connected to a satellite aerial such that 
one down-converts the vertically polarised signal 

45 whereas the other down-converts the horizontally polar- 
ised signal in a system where horizontal and vertical po- 
larization is used to double the number of channels 
which can be handled in a given band width. 
[0012] According to a first aspect of the invention, 

so there is provided a tuner arrangement formed as a sin- 
gle integrated circuit and comprising a plurality of tuners 
and a common radio frequency input terminal for sup- 
prying an input radio frequency signal to at least some 
of the tuners, characterised in that the at least some tun- 

55 ers are arranged to operate simultaneously: to select in- 
dependently of each other respective desired channels 
for reception; to convert the desired channels to respec- 
tive intermediate frequency signals; and to supply the 
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respective intermediate frequency signals to outputs of 
the at least some tuners. 

[001 3] The at least some tuners may be substantially 
identical to each other. 

[001 4] The arrangement may comprise input data bus 
terminals connected to a data bus interface which is 
common to the at least some tuners. 
[0015] The arrangement may comprise a buffer be- 
tween the common input terminal and the at least some 
tuners. The buffer may comprise a low noise amplifier. 
The arrangement may comprise a filtering arrangement 
for dividing the output signal of the buffer into a plurality 
of frequency bands and a switching arrangement for 
connecting each of the at least some tuners to receive 
the frequency band containing the selected channel 
thereof. 

[001 6] Each of the at least some tuners may comprise 
an input variable gain circuit. The variable gain circuits 
may have gain control inputs connected to respective 
automatic gain control terminals. Each variable gain cir- 
cuit may comprise a variable attenuator. Each variable 
gain circuit may comprise a low noise amplifier. 
[001 7] Each of the at least some tu ners may comprise 
an input filter. Each input filter may have a fixed frequen- 
cy response. As an alternative, each input filter may 
have a switched frequency response. As a further alter- 
native, each input filter may be a tracking filter 
[001 8] Each of the at least some tuners may comprise 
an upconverter and a downconverter. The upconverter 
may be tunable. The upconverters may be arranged to 
convert the selected channels to different intermediate 
frequencies. The downconverters may have local oscil- 
lators arranged to be tuned to different frequencies. As 
an alternative, the downconverters may comprise a sin- 
gle local oscillator common to the at least some tuners. 
Each of the downconverters may comprise an image re- 
ject mixer. The arrangement may comprise first and sec- 
ond terminals for an external intermediate frequency fil- 
ter connected to the output of the upconverter and the 
input of the downconverter, respectively. 
[001 9] The at feast some tuners may comprise a plu- 
ral ity of frequency synthesisers and a common refer- 
ence oscillator. 

[0020] According to a second aspect of the invention, 
there is provided a set top box comprising an arrange- 
ment according to the first aspect of the invention. 
[0021] At least one of the at least some tuners may 
comprise a plurality of intermediate frequency output 
terminals connected to an output selecting switching ar- 
rangement. 

[0022] The set top box may be provided for connec- 
tion to a cable distribution network. 
[0023] It is thus possible to provide a tuner arrange- 
ment which is capable of independently receiving sev- 
eral channels simultaneously from a single RF input so 
that, for example, external power splitting is not needed. 
Such an arrangement can be formed on a single inte- 
grated circuit so that space and power requirements can 


be reduced. For example, it is not necessary to duplicate 
common functionality. Separate housing for individual 
tuners can be avoided and substantial savings in cost 
and power dissipation are possible. 
5 [0024] The invention will be further described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a block schematic diagram of a known 
w type of multiple tuner arrangement; 

Figure 2 is a block circuit diagram of a tuner ar- 
rangement constituting a first embodiment of the in- 
vention; and 

15 

Figure 3 is a block circuit diagram of a tuner ar- 
rangement constituting a second embodiment of 
the invention. 

20 [0025] Like reference numerals refer to like parts 
throughout the drawings. 

[0026] The tuner arrangement shown in Figure 2 com- 
prises an RF input 1 0 connected to an input buffer 1 1 in 
the form of a low noise amplifier (LNA) which presents 
25 a controlled input impedance at the input 1 0. The input 
10 receives broadband RF signals, for example from a 
cable distribution network via a diplexer of the type 
shown in Figure 1 so that the buffer 11 is required to 
have a dynamic range which is compatible with signal- 
so to-noise and signal-to-intermodulation requirements. 
[0027] The output of the buffer 11 is connected to a 
plurality of channels. In the example shown in Figure 2, 
two channels ("channel 1 " and "channel 2") are provided 
and are indicated at 1 2 and 1 3. The channels 1 2 and 1 3 
35 are, in the embodiment shown in Figure 2, identical to 
each other so that only channel 1 (1 3) will be described 
in detail. 

[0028] The output of the buffer 11 is connected to the 
input of an automatic gain control (AGC) circuit 14. The 

40 circuit 1 4 has a gain control input connected to a termi- 
nal 1 5 of a monolithic integrated circuit in which the tuner 
arrangement is formed. The circuit 14 may comprise a 
variable attenuator, a variable gain low noise amplifier 
or a combination of a variable attenuator and a low noise 

45 amplifier. The gain of the circuit 14 is controlled exter- 
nally by means of a gain control signal RF AGC1 , for 
example based on signal level measurement down- 
stream of the circuit 14 or on the performance of a de- 
modulatorto which the channel is connected. The AGC 

so circuit 14 is generally controlled so as to maintain the 
signal level supplied to the following stages at an opti- 
mum level for a desired signal-to-(noise + intermodula- 
tion) performance. 

[0029] The output of the circuit 1 4 is supplied to a first 
55 frequency changer 1 6 in the form of an upconverter for 
converting a desired channel to a high first intermediate 
frequency (IF), such as 1.22GHz. The converter com- 
prises a mixer 17 and a local oscillator 18 controlled by 
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a phase locked loop (PLL) frequency synthesiser 19. 
The output of the mixer 1 7 at the high first intermediate 
frequency is connected to an IF filter 20 of bandpass 
characteristic having a passband generally centred on 
the first intermediate frequency and having a bandwidth 
for passing the desired or selected channel and several 
adjacent channels while substantially rejecting all other 
channels converted by the upconverter 1 6. Although the 
filter 20 is shown on the integrated circuit containing the 
tuner arrangement of Rgure 2, it may be provided ex- 
ternally of the integrated circuit, in which case the ap- 
propriate integrated circuit terminals are provided for 
connection to the filter. 

[0030] The output of the filter 20 is supplied to a sec- 
ond frequency changer 21 comprising a downconverter 
which converts the selected channel to a desired output 
intermediate frequency, such as 44MHz. The downcon- 
verter 21 also comprises a mixer 22 and a local oscillator 
(LO) 23 controlled by a further PLL frequency synthe- 
siser 24. The mixer 22 is preferably of the image reject 
type and its output is supplied to an I F amplifier 25 which 
amplifies the downconverted signal and supplies this as 
the channel 1 IF output at an output terminal 26. 
[0031 J The integrated circuit comprises a data bus in- 
put terminal arrangement 27 for receiving control data 
for controlling operation of the frequency synthesisers 
1 9 and 24 of all of the channels. The input arrangement 
27, for example comprising one serial input terminal or 
a plurality of parallel input terminals, is connected to a 
data bus interface 28 which is common to all of the chan- 
nels 12, 13 and which supplies the appropriate control 
signals to the frequency synthesisers 1 9, 24 of all of the 
channels. 

[0032] The tuner arrangement comprises a reference 
oscillator 29 which is also common to ail of the channels 
and which supplies a stable frequency reference signal 
to all of the synthesisers 19, 24 of all of the channels. 
[0033] In use, each of the tuner channels operates 
substantially independently of each of the other chan- 
nels. In particular, each tuner channel is arranged to 
convert any selected channel within the broadband sig- 
nal at the input 10 to the desired output intermediate 
frequency at its output, such as 26. When a user selects 
a channel for reception, the appropriate tuning data are 
supplied via the input terminal arrangement 27 and the 
data bus interface 28 to the frequency synthesisers 1 9 
and 24 of the appropriate channel. The local oscillators 
18 and 23 are controlled to produce the local oscillator 
signal frequencies such that the selected channel is 
converted in frequency by the upconverter 1 6 to the first 
high intermediate frequency and is then converted by 
the downconverter 21 to the output intermediate fre- 
quency. 

[0034] Although all of the tuner channels may have 
filters 20 of the same characteristic and, in particular, 
with the same centre frequency, different channels may 
have filters of different centre frequencies so that the 
different channels have different first intermediate fre- 


quencies. Alternatively, if the passband characteristics 
of the filters 20 are appropriate, for example sufficiently 
wide, the same types of filters may be used in all of the 
channels but the selected reception channels may be 
s converted to different first intermediate frequencies 
within the filter passbands. Such a technique reduces 
the crosstalk between selected channels in different tun- 
er channels. Also, the local oscillator frequencies of the 
downconverters in the different channels may be differ- 
io ent from each other. For example, where different first 
intermediate frequencies are used in the different chan- 
nels but the same output intermediate frequency is used 
for all channels, the local oscillator frequencies of the 
downconverters in the different channels will be re- 
's quired to be different so as to produce the correct output 
intermediate frequencies. Where the same first interme- 
diate frequencies are used, different output intermediate 
frequencies permit different local oscillator frequencies 
to be used in the different tuner channels. Such an ar- 
20 rangement reduces beating between the downconvert- 
er local oscillators. 

[0035] The tuning arrangement shown in Figure 3 dif- 
fers from that shown in Figure 2 in various ways as de- 
scribed hereinafter. This embodiment includes various 

25 features which may be provided but which are optional 
so that different embodiments would comprise different 
combinations of these features. 
[0036] The buffer 1 1 shown in Figure 3 may comprise 
an LNA as described with reference to Figure 2 or may 

30 comprise a unity gain buffer. The output of the buffer 1 1 
is connected to a terminal 30 of the integrated circuit for 
providing an RF bypass output for passing the RF input 
signals substantially unchanged to other circuits without 
altering the loading, for example on a cable distribution 

35 network connected to the RF input 10. The output of the 
buffer 11 is also connected to the inputs of three band- 
splitting filters 31 , 32 and 33. The filters 31 -33 have fixed 
frequency response characteristics and divide the 
broadband input signal into three different sub-bands 

40 which are contiguous with or overlap each other. All 
three of the filters 31 -33 may be bandpass filters. Alter- 
natively, the filters may comprise a highpass filter, a low- 
pass filter and a bandpass filter. Also, any number of 
such fitters may be provided to divide the broadband sig- 

45 nal into any desired number of sub-bands. 

[0037] The outputs of the filters 31 -33 are supplied to 
multiplexers (MUX) such as 34, each associated with a 
respective tuner channel. The multiplexer 34 is associ- 
ated with channel 1 (13) and its output is connected to 

so a filter 35, whose output is connected to the AGC circuit 
1 4. The filter 35 may be a switched response filter which 
can be controlled to supply signals in different sub- 
bands of the input band to the filter. Alternatively, the 
filter 35 may be a tracking filter which tracks the frequen- 

55 cy of the local oscillator 1 8 so as to be substantially cen- 
tred on the frequency of the currently selected channel. 
[0038] The multiplexer 34 and the filter 35 are control- 
led by the synthesiser 19 in accordance with the cur- 
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rently selected channel. In particular, the synthesiser 1 9 
ensures that the multiplexer 34 selects the sub-band 
containing the frequency of the selected channel. Sim- 
ilarly, the filter 35 is controlled so that the selected chan- 
nel is within the sub-band which it passes to the circuit 
14. Such an arrangement reduces the signal energy 
supplied to the following stages while passing the se- 
lected channel so that, for example, the intermodulation 
performance of the subsequent stages can be relaxed. 
For example, in the case of the frequency changer 16, 
the intermodulation performance generally improves 
with increasing power dissipation so that, by reducing 
the required intermodulation performance, the power 
dissipation may be reduced. The mixer 1 7 and other 
stages may be provided with arrangements which allow 
the stage power dissipation to be controlled or varied, 
for example by selection by a user or by an automatic 
control arrangement based on the performance actually 
being achieved during operation. 
[0039] As mentioned hereinbefore, the first IF filter 
may be provided externally of the integrated circuit and 
Figure 3 illustrates the provision of integrated circuit ter- 
minals 36 and 37 for connection to an external filter. 
[0040] The embodiment of Figure 3 further differs 
from that shown in Figure 2 in that the individual down- 
converter local oscillators 23 and frequency synthesis- 
ers 24 are replaced by a single local oscillator and syn- 
thesiser (which receives the reference signal from the 
common reference oscillator 29) with the local oscillator 
signal being supplied to the downconverter mixers 22 of 
all of the tuner channels. Such an arrangement may be 
used, for example, where all of the first intermediate fre- 
quencies are equal to each other and where all of the 
output intermediate frequencies are equal to each other. 
Such an arrangement reduces the required area of the 
integrated circuit and the power dissipation thereof. 
[0041] The output of the amplifier 25 of each tuner 
channel is connected to an electronic switching arrange- 
ment 38 which is controlled by an output select terminal 
39. The arrangement 38 comprises a plurality of (in this 
case two) switches which allow different IF outputs 26a, 
26b to be selected. Thus, each tuner channel may be 
switched to different following stages, for example to al- 
low reception of signals having different filtering and/or 
demodulation requirements. 

[0042] Various modifications may be made within the 
scope of the invention. For example, low noise amplifi- 
ers may be provided at the outputs of each of the filters 
31-33. Also, further IF amplification may be provided 
within any of the tuner channels. Further, any of the local 
oscillators may be of the band-switched type. 


Claims 

1 . A tuner arrangement formed as a single integrated 
circuit and comprising a plurality of tuners (12, 13) 
and a common radio frequency input terminal (10) 


10 


15 


20 


25 


for supplying an input radio frequency signal to at 
least some of the tuners (12,13), characterised in 
that the at least some tuners (1 2, 1 3) are arranged 
to operate simultaneously: to select independently 
of each other respective desired channels for re- 
ception; to convert the desired channels to respec- 
tive intermediate frequency signals; and to supply 
the respective intermediate frequency signals to 
outputs (26, 26a, 26b) of the at least some tuners 
(12, 13). 

2. An arrangement as claimed in claim 1 , character- 
ised in that the at least some tuners (12, 13) are 
substantially identical to each other. 

3. An arrangement as claimed in claim 1 or 2, char- 
acterised by comprising input data bus terminals 
(27) connected to a data bus interface (28) which is 
common to the at least some tuners (12, 13). 

4. An arrangement as claimed in any one of the pre- 
ceding claims, characterised by comprising a buff- 
er (1 1 ) between the common input terminal (1 0) and 
the at least some tuners (12, 13). 

5. An arrangement as claimed in claim 4, character- 
ised In that the buffer (11) comprises a low noise 
amplifier. 


30 6. An arrangement as claimed in claim 4 or 5, char- 
acterised by comprising a filtering arrangement 
(31-33) for dividing the output signal of the buffer 
(1 1 ) into a plurality of frequency bands and a switch- 
ing arrangement (34) for connecting each of the at 

35 least some tuners (12, 13) to receive the frequency 
band containing the selected channel thereof. 

7. An arrangement as claimed in any one of the pre- 
ceding claims, characterised in that each of the at 
40 least some tuners (12,13) comprises an input var- 
iable gain circuit (14). 


8. An arrangement as claimed in claim 7, character- 
ised in that the variable gain circuits (1 4) have gain 
control inputs connected to respective automatic 
gain control terminals. 

9. An arrangement as claimed in claim 7 or 8, char- 
acterised in that each variable gain circuit (14) 
comprises a variable attenuator. 

10. An arrangement as claimed in any one of claims 7 
to 9, characterised in that each variable gain cir- 
cuit (14) comprises a low noise amplifier. 

11. An arrangement as claimed in any one of the pre- 
ceding claims, characterised in that each of the at 
least some tuners (12, 13) comprises an input filter 
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(35). 

12. An arrangement as claimed in claim 11 , character- 
ised in that each input filter (35) has a fixed fre- 
quency response. 

13. An arrangement as claimed in claim 11 , character- 
ised in that each input fitter (35) has a switched 
frequency response. 

14. An arrangement as claimed in claim 11 , character- 
ised in that each input filter (35) is a tracking filter. 


ing arrangement (38). 

24. A set top box comprising an arrangement as 
claimed in any one of the preceding claims. 

5 

25. A set top box as claimed in claim 24, for connection 
to a cable distribution network. 


15. An arrangement as claimed in any one of the pre- 
ceding claims, characterised in that each of the at '5 
least some tuners (12, 13) comprises an upconvert- 

er (16) and a downconverter (21-23). 

16. An arrangement as claimed in claim 15, character- 
ised in that the upconverters (16) are tunable. 20 

17. An arrangement as claimed in claim 15 or 1 6, char- 
acterised in that the upconverters (16) are ar- 
ranged to convert the selected channels to different 
intermediate frequencies. 25 

18. An arrangement as claimed in claim 17, character- 
ised in that the down converters (21 ) have local os- 
cillators (23) arranged to be tuned to different fre- 
quencies. 30 

19. An arrangement as claimed in claim 15 or 1 6, char- 
acterised in that the downconverters comprise a 
single local oscillator (23) common to the at least 
some tuners (12, 13). 35 


20. An arrangement as claimed in any one of claims 15 
to 1 9, characterised in that each of the downcon- 
verters comprises an image reject mixer (22). 

40 

21 . An arrangement as claimed in any one of claims 1 5 
to 20, characterised by comprising first and sec- 
ond terminals (36, 37) for an external intermediate 
frequency filter (20) connected to the output of the 
upconverter (1 6) and the input of the downconverter 4s 
(21-23), respectively. 


22. An arrangement as claimed in any one of the pre- 
ceding claims, characterised in that the at least 
some tuners (12, 13) comprise a plurality of fre- so 
quency synthesisers (19, 24) and a common refer- 
ence oscillator (29). 


23. An arrangement as claimed in any one of the pre- 
ceding claims, characterised in that at least one 55 
of the at least some tuners (12,13) comprises a plu- 
rality of intermediate frequency output terminals 
(26a, 26b) connected to an output selecting switch- 
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